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ELECTRICITY STORAGE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The vention relates to an electricity storage system
capable of charging an electricity storage unait.

2. Description of Related Art

Japanese Patent Application Publication No. 08-134307
(JP 08-134307 A) describes charging a battery to a full state
of charge (SOC) using an external charger. Here, during the
external charging, a shilt to constant voltage charging is
performed while monitoring a charging current and a ter-
minal voltage of the battery, and when charging has been
performed for a predetermined amount of time following a
reduction 1n the charging current, the battery 1s determined
to have reached the full SOC.

While the external charging 1s underway, a voltage value
(a closed circuit voltage (CCV)) of the battery increases
above an open circuit voltage (OCV) 1n accordance with an
internal resistance of the battery. When the external charging
1s completed, the CCV of the battery decreases so as to
approach the OCV. An amount of voltage drop occurring at
the end of the external charging depends on the internal
resistance of the battery. As deterioration of the battery
progresses, the internal resistance of the battery increases,

and therefore, depending on the voltage drop, it may become
dificult to charge the battery to the full SOC.

SUMMARY OF THE INVENTION

An aspect of the invention relates to an electricity storage
system including: an electricity storage unit that 1s subjected
to charging and discharging; a voltage sensor that detects a
voltage value of the electricity storage unit; and a controller
that terminates the charging of the electricity storage unit
when the detected voltage value reaches a charging termi-
nation voltage value. The controller calculates an amount of
voltage drop, which i1s associated with interruption of con-
stant current charging, on the basis of the detected voltage
value while the constant current charging is performed in the
clectricity storage unit, and sets the charging termination
voltage value 1n accordance with the amount of voltage
drop.

By interrupting the constant current charging, the voltage
value of the electricity storage unit can be caused to
decrease, and as a result, the amount of voltage drop can be
calculated. The amount of voltage drop 1s dependent on an
internal resistance and a current value of the electricity
storage unit. By calculating the amount of voltage drop
during the constant current charging, variation 1n the amount
of voltage drop accompanying variation 1n the current value
(a charging current) can be excluded. In other words, the
amount of voltage drop can be made dependent on the
internal resistance of the electricity storage unit.

By calculating the amount of voltage drop 1n the manner
described above, an amount of voltage drop corresponding
to deterioration (the internal resistance) of the electricity
storage unit can be learned. By learning the amount of
voltage drop, the voltage value following completion of the
charging of the electricity storage unit can be learned. As a
result, the voltage value of the electricity storage unit
tollowing completion of the charging can be aligned with a
target voltage value. In other words, a SOC of the electricity
storage unit can be aligned with a target SOC.

The amount of voltage drop that accompanies interruption
of the constant current charging can be calculated using a
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2

difference between two average values to be described
below. One of the average values can be calculated .by
detecting the voltage value of the electricity storage unit at
a plurality of different timings before the constant current
charging 1s interrupted, and averaging the detected voltage
values. The other average value can be calculated by detect-
ing the voltage value of the electricity storage unit at a
plurality of different timings while the constant current
charging 1s interrupted, and averaging the detected voltage
values.

When variation occurs 1n the voltage value before the
constant current charging i1s interrupted, the calculated
amount of voltage drop varies in accordance with the
voltage value. Similarly, when variation occurs in the volt-
age value while the constant current charging 1s interrupted,
the calculated amount of voltage drop varies 1n accordance
with the voltage value. Hence, by employing the average
values described above, variation 1n the calculated amount
of voltage drop can be suppressed.

To charge the electricity storage unit, constant voltage
charging can be performed after performing the constant
current charging. Here, the constant current charging can be
terminated when the detected voltage value becomes higher
than the charging termination voltage value. Further, the
constant voltage charging can be terminated when the
detected voltage value remains continuously higher than the
charging termination voltage value.

A condition 1n which the detected voltage value remains
continuously higher than the charging termination voltage
value may be, for example, a condition 1 which time
(continuous time) during which the detected voltage value
remains higher than the charging termination voltage value
exceeds a predetermined threshold (time). Further, a count
value may be incremented every time the detected voltage
value 1s confirmed to be higher than the charging termination
voltage value, and 1t may be determined that the detected
voltage value has remained continuously higher than the
charging termination voltage value when the count value
exceeds a predetermined threshold (a count value).

The charging termination voltage value may be set as
follows. First, a ratio between a first reference voltage drop
amount and the amount of voltage drop accompanying
interruption of the constant current charging 1s calculated.
Here, the first reference voltage drop amount varies in
accordance with the current value and the voltage value of
the electricity storage unit, and a correspondence relation-
ship therebetween can be determined i1n advance using a
reference electricity storage unit. A newly manufactured,
clectricity storage umt in which no deterioration has
occurred may be used as the reference electricity storage
unit.

By detecting the current value of the electricity storage
unit using a current sensor and detecting a temperature of the
clectricity storage unit using a temperature sensor, the first
reference voltage drop amount corresponding to the detected
current value and temperature can be specified. Values
detected before the constant current charging 1s interrupted
are used as the current value and temperature from which the
first reference voltage drop amount 1s specified.

Next, a correction value 1s calculated by multiplying the
aloresaid ratio by a second reference voltage drop amount.
Here, the second reference voltage drop amount varies in
accordance with the current value and the voltage value of
the electricity storage unit, and a correspondence relation-
ship therebetween can be determined 1n advance using the
reference electricity storage unit. Hence, by detecting the
current value and the temperature of the electricity storage
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unit using the current sensor and the temperature sensor,
respectively, the second reference voltage drop amount

corresponding to detection results can be specified. Values
detected when the constant current charging has been ter-
minated are used as the current value and temperature by
which the second reference voltage drop amount 1s speci-
fied.

The charging termination voltage value 1s determined by
adding the aforesaid correction value to an OCV value upon
termination of the charging of the electricity storage unait.
Here, the OCV value serves as the target voltage value when
charging of the electricity storage unit 1s terminated. When
the electricity storage unit 1s next charged, charging can be
performed on the electricity storage unit until the detected
voltage value reaches the set charging termination voltage
value. Thus, the voltage value of the electricity storage unit
following termination of the charging can be aligned with
the target voltage value.

The constant current charging can be interrupted when the
detected current value i1s within an allowable range. When
variation occurs in the detected current value, the first
reference voltage drop amount cannot easily be specified.
Hence, by interrupting the constant current charging when
the detected current value 1s within the allowable range, the
precision with which the first reference voltage drop amount
1s specified can be improved.

To specily the first reference voltage drop amount, first,
the current value of the electricity storage unit 1s detected at
a plurality of different timings before the constant current
charging 1s interrupted. An average value of the current
values 1s then calculated, the first reference voltage drop
amount can be specified by the average value (current
value). Even when the current value i1s included in the
allowable range, variation may occur in the current value
within the allowable range. Therefore, by calculating the
average value of the current value, the precision with which
the first reference voltage drop amount 1s specified can be
improved.

The electricity storage unit may be installed 1n a vehicle.
By converting electric energy output from the electricity
storage unit into Kinetic energy, the kinetic energy can be
used to cause the vehicle to travel. A motor generator (MG)
can be used to convert the electric energy into kinetic energy.
Further, to charge the electricity storage unit, power can be
supplied to the electricity storage unit from a power supply
disposed outside of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the invention will be
described below with reference to the accompanying draw-
ings, i which like numerals denote like elements, and
wherein:

FIG. 1 1s a view showing a configuration of a battery
system;

FIG. 2 1s a view mainly showing a configuration of a
monitoring unit;

FIG. 3 1s a view 1illustrating external charging processing
performed on a battery pack;

FI1G. 4 1s a tlowchart illustrating constant current charging
processing;

FIG. 5§ 1s a flowchart illustrating the constant current
charging processing;

FIG. 6 1s a view showing behavior of a voltage value and
a current value during the constant current charging pro-
cessing;
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FIG. 7 1s a flowchart illustrating constant voltage charging,
processing;

FIG. 8 1s a flowchart 1llustrating processing for correcting
a charging termination voltage value;

FIG. 9 1s a view 1llustrating a relationship between an
amount of voltage drop and a battery temperature during the
constant current charging processing; and

FIG. 10 1s a view 1llustrating a relationship between the
amount of voltage drop and the battery temperature during
the constant voltage charging processing.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 1s a view showing a configuration of a battery
system (which may be considered as an electricity storage
system of the invention) according to an embodiment. The
battery system shown 1n FIG. 1 1s installed 1n a vehicle. The
vehicle may be a plug-in hybrid vehicle (PHV) or an electric
vehicle (EV), for example.

A PHV includes, as power sources that cause the vehicle
to travel, a battery pack to be described below, and another
power source such as an engine or a fuel cell. An EV
includes only the battery pack to be described below as a
power source that causes the vehicle to travel. As will be
described below, 1 both the PHV and the EV, the battery
pack can be charged using power from an external power
supply.

Note that 1n this embodiment, the battery pack 1s installed
in a vehicle, but the invention is not limited thereto, and may
be applied to any system capable of charging . a battery
pack.

A battery pack 10 includes a plurality of single cells 11
connected 1n series. A secondary battery such as a nickel
hydrogen battery or a lithtum 10n battery may be used as the
single cell 11. Further, an electric double layer capacitor may
be used 1nstead of a secondary battery. The number of single
cells 11 may be set appropriately on the basis of a required
output of the battery pack 10 and so. on. In the battery pack
10 according to this embodiment, all of the single cells 11
are connected 1n series, but the battery pack 10 may include
a plurality of single cells 11 connected 1n parallel.

A monitoring unit (which may be considered as a voltage
sensor of the invention) 20 detects a voltage by between
terminals of the battery pack 10 and a voltage by between
terminals of each single cell 11, and outputs detection results
to an electronic control unit (ECU) 30. A specific configu-
ration ol the monitoring unit 20 will be described below.
Here, the battery pack 10 and the single cell 11 may be
considered as an electricity storage unit of the invention. A
temperature sensor 21 detects a temperature of the battery
pack 10 (the single cell 11) and outputs a detection result to
the ECU 30. Here, one or a plurality of temperature sensors
21 may be disposed in relation to the battery pack 10.

A current sensor 22 detects a current value bib flowing
through the battery pack 10, and outputs a detection result to
the ECU 30. In this embodiment, the current value bib
C
t

etected by the current sensor 22 takes a positive value when
ne battery pack 10 1s being discharged. Further, the current
value bib detected by the current sensor 22 takes a negative
value when the battery pack 10 1s being charged.

In this, embodiment, the current sensor 22 1s provided on
a positive electrode line PL connected to a positive electrode
terminal of the battery pack 10. Here, as long as the current
sensor 22 can detect the current flowing through the battery
pack 10, a position i which the current sensor 22 1s
provided may be set appropriately. For example, the current
sensor 22 may be provided on a negative electrode line NL
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connected to a negative electrode terminal of the battery
pack 10. Further, a plurality of current sensors 22 may be

used.
The ECU (which may be considered as a controller of the

invention) 30 includes a memory 31, and the memory 31

stores various information used by the ECU 30 to perform

predetermined processing (1n  particular processing
described 1n this embodiment). The ECU 30 also includes a
timer 32, and the timer 32 i1s used to measure time. In this
embodiment, the memory 31 and the timer 32 are built into
the ECU 30, but at least one of the memory 31 and the timer
32 may be provided on the exterior of the ECU 30.

A system main relay (SMR)-B 1s provided on the positive
clectrode line PL. The SMR-B 1s switched ON and OFF

upon reception of a control signal from the ECU 30. A
SMR-G 1s provided on the negative electrode line NL. The
SMR-G 1s switched ON and OFF upon reception of a control
signal from the ECU 30.

A SMR-P and a current limiting resistor R are connected
in parallel to the SMR-G. Here, the SMR-P and the current

limiting resistor R are connected 1n series. The SMR-P 1s
switched ON and OFF upon reception of a control signal
from the ECU 30.

The current limiting resistor R 1s used to prevent an inrush
current from flowing to a capacitor 23 when the battery pack
10 1s connected to a load (an inverter 24 to be described
below). The capacitor 23 1s connected to the positive elec-
trode line PL and the negative electrode line NL and used to
smooth voltage variation between the positive electrode line
PL and the negative electrode line NL.

To connect the battery pack 10 to the inverter 24, first, the
ECU 30 switches the SMR-B and SMR-P from OFF to ON.
As a result, a current can be caused to flow to the current
limiting resistor R, whereby an inrush current can be pre-
vented from tlowing to the capacitor 23. Next, the ECU 30
switches the SMR-G from OFF to ON and switches the
SMR-P from ON to OFF.

Connection of the battery pack 10 to the inverter 24 1s thus
completed, whereby the battery system shown in FIG. 1
enters a Ready-On condition. Information relating to an
ON/OFF condition of an ignition switch of the vehicle 1s
input into the ECU 30, and the ECU 30 activates the battery
system shown 1n FIG. 1 when the 1gnition switch 1s switched
from OFF to ON.

When the 1gnition switch 1s switched from ON to OFF, on
the other hand, the ECU 30 switches the SMR-B and
SMR-G from ON to OFF. As a result, the connection
between the battery pack 10 and the mverter 24 1s inter-
rupted, whereby the battery system shown in FIG. 1 enters
a Ready-Off condition.

The inverter 24 converts direct current power output from
the battery pack 10 into alternating current power, and
outputs the alternating current power to a MG 25. A three-
phase alternating current motor, for example, may be used as
the MG 25. The MG 25 generates kinetic energy for causing
the vehicle to travel upon reception of the alternating current
power output from the inverter 24. The Kkinetic energy
generated by the MG 235 1s transmitted to a vehicle wheel,
and as a result, the vehicle can be caused to travel.

When the vehicle 1s to be decelerated or stopped, the MG
235 converts kinetic energy generated during vehicle braking
into electric energy (alternating current power). The inverter
24 converts the alternating current power generated by the
MG 25 into direct current power, and outputs the direct
current power to the battery pack 10. Thus, regenerative
power can be stored 1n the battery pack 10.
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In this embodiment, the battery pack 10 1s connected to
the inverter 24, but the invention 1s not limited thereto. More
specifically, a booster circuit may be provided on a current
path between the battery pack 10 and the inverter 24. The
booster circuit boosts a voltage output by the battery pack 10
such that boosted power can be output to the inverter 24. The
booster circuit also boosts a voltage output by the inverter 24
such that boosted power can be output to the battery pack 10.

A charger 26 1s connected to the positive electrode line PL
and the negative electrode line NL via charging lines PCL,
NCL. More specifically, the charging line PCL 1s, connected
to the positive electrode line PL connecting the positive
clectrode terminal of the battery pack 10 and the SMR-B.
Further, the charging line NCL 1s connected to the negative
clectrode line NL connecting the negative electrode terminal
of the battery pack 10 and the SMR-G.

Charging relays Rchl, Rch2 are provided on the charging
lines PCL, NCL. The charging relays Rchl, Rch2 are
switched ON and OFF upon reception of a control signal
from the ECU 30. An inlet (a so-called connector) 27 1is
connected to the charger 26.

A plug (a so-called connector) connected to an external
power supply (not shown) 1s connected to the inlet 27. By
connecting the plug to the ilet 27, power from the external
power supply can be supplied to the battery pack 10 via the
charger 26. As a result, the battery pack 10 can be charged
using the external power supply. A commercial power sup-
ply, for example, can be used as the external power supply.
When the external power supply supplies alternating current
power, the charger 26 converts the alternating current power
from the external power supply into direct current power,
and outputs the direct current power to the battery pack 10.
The ECU 30 1s capable of controlling an operation of the
charger 26.

Charging the battery pack 10 by supplying power from the
external power supply to the battery pack 10 will be referred
to as external charging. In the battery system according to
this embodiment, external charging can be performed when
the charging relays Rchl , Rch2 are ON. During external
charging, a constant charging current can be supplied to the
battery pack 10, and therefore the battery pack 10 can be
charged under a constant current.

The system for supplying power from the external power
supply to the battery pack 10 1s not limited to the system
shown i FIG. 1. In this embodiment, the charger 26 1s
installed 1n the vehicle, but a charger (available as an
external charger) may be disposed on the exterior of the
vehicle. In this case, the charger 26 shown i FIG. 1 1s
omitted. By connecting a plug connected to the external
charger to the inlet 27, power from the external power
supply can be supplied to the battery pack 10.

Furthermore, 1n this embodiment, external charging 1s
performed by connecting the plug to the inlet 27, but the
invention 1s not limited thereto. More specifically, power
from the external power supply may be supplied to the
battery pack 10 using a so-called non-contact type charging
system. In a non-contact type charging system, power can be
supplied without being passed through a cable using elec-
tromagnetic induction or a resonance phenomenon. A con-
ventional configuration may be employed appropriately as
the non-contact type charging system.

Next, a configuration of the momtoring unit 20 will be
described using FI1G. 2. As shown in FIG. 2, the monitoring
unit 20 mcludes voltage monitoring integrated circuits (ICs)
20a 1 an equal number to the number of single cells 11
constituting the battery pack 10. The voltage monitoring ICs
20a are connected 1n parallel to the respective single cells
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11. The voltage monitoring IC 20a detects a voltage value of
the corresponding single cell 11, and outputs a detection
result to the ECU 30.

In this embodiment, the voltage monitoring 1C 20a 1s
provided for each single cell 11, but the invention 1s not
limited thereto. For example, the plurality of single cells 11
constituting the battery pack 10 may be divided into a
plurality of battery blocks, and the voltage monitoring IC
20a may be provided for each battery block. The battery
block 1s constituted by a plurality of single cells 11 con-
nected 1n series, and the battery pack 10 1s constructed by
connecting the plurality of battery blocks 1n series.

In this case, the voltage monitoring IC 20a detects the
voltage value of the corresponding battery block, and out-
puts a detection result to the ECU 30. Note that each battery
block may include a plurality of single cells 11 connected 1n
parallel. Here, the battery block may be considered as the
clectricity storage unit of the mvention.

In the battery system according to this embodiment, a
SOC (SOC) of the battery pack 10 can be increased by
performing external charging. Here, the SOC 1s a ratio of a
current charging capacity to a full charging capacity. In a
PHV and an EV, an EV travel distance can be secured more
casily by increasing the SOC of the battery pack 10. The EV
travel distance 1s a distance that can be traveled when the
vehicle 1s caused to travel using only the output of the
battery pack 10.

When external charging 1s performed, it 1s possible to set
an SOC at which the external charging is to be terminated.
For example, 100 [%], which corresponds to a full SOC,
may be set as the SOC at which the external charging is to
be terminated.

Here, a determination as to whether or not the SOC of the
battery pack 10 has reached the set SOC value can be, made
on the basis of the voltage value of the battery pack 10 or the
single cell 11. By measuring the voltage value (to be referred
to as a charging termination voltage value) at which the
battery pack 10 or the single cell 11 reaches the set SOC
value 1n advance, 1t 1s possible to determine that the battery
pack 10 or the single cell 11 has reached the set SOC value
when the voltage value of the battery pack 10 or the single
cell 11 reaches the charging termination voltage value (a
fixed value).

When deterioration of the single cell 11 progresses, an
internal resistance of the single cell 11 increases. Here, as
shown 1n Equation (1) below, a voltage value (a CCV) of the
single cell 11 detected by the monitoring unit 20 (the voltage
monitoring IC 20a) varies relative to a voltage value (an
OCYV) of the single cell 11 by an amount corresponding to
a voltage variation amount that corresponds to the internal
resistance. In other words, when the single cell 11 1s charged,
the CCV of the single cell 11 increases relative to the OCV
of the single cell 11 by “IbxRb” (the voltage varation
amount).

CCV=0CV+IbxRb (1)

In Equation (1), Ib 1s a current value flowing through the
single cell 11, which 1s detected by the current sensor 22. Rb
1s the mternal resistance of the single cell 11. The internal
resistance Rb increases as deterioration of the single cell 11
pProgresses.

When external charging of the single cell 11 1s terminated,
the charging current stops tlowing to the single cell 11, and
therefore the voltage value of the single cell 11 approaches
the OCV. In other words, when external charging 1s termi-
nated, the voltage value of the single cell 11 decreases by
“IbxRb”. Here, an amount of voltage drop following termi-
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nation of the external charging increases as the voltage
variation amount (IbxRb) increases, or in other words as the
current value Ib and the internal resistance Rb increase.
Further, as will be described below, when the single cell 11
1s subjected to constant current charging, the amount of
voltage drop 1s dependent on the internal resistance Rb.

The determination as to whether or not the SOC of the
single cell 11 has reached the set value 1s made on the basis

of the CCV of the single cell 11, which 1s detected by the

monitoring unit 20 (the voltage monitoring IC 20a). As
described above, the voltage value of the single cell 11
decreases following termination of the external charging.
Following termination of the external charging, therefore,
the voltage value of the single cell 11 decreases below the
charging termination voltage value (a fixed value) even after
the CCV of the single cell 11 has reached the charging
termination voltage value (a fixed value).

As a result, the battery pack 10 (the single cell 11) can no
longer be charged until the SOC of the single cell 11 reaches
the set value. When the SOC of the single cell 11 does not
reach the set value, the aftoresaid EV travel distance
decreases by an amount corresponding to the resulting SOC
difference.

In this embodiment, theretore, as will be described below,
the charging termination voltage , value 1s corrected in
consideration of the internal resistance (the deterioration
condition) of the single cell 11. When the charging termi-
nation voltage value corrected 1n accordance with the inter-
nal resistance of the single cell 11 1s used, the SOC of the
single cell 11 reaches the set value more easily. By perform-
ing external charging with a high degree of precision until
the SOC of the single cell 11 reaches the set value, an EV
travel distance corresponding to the set value can be secured
casily.

First, processing performed when the battery pack 10 (the
single cell 11) 1s subjected to external charging will be
described using FIG. 3. In FIG. 3, a left side ordinate shows
the SOC of the battery pack 10 or the single cell 11, and a
right side ordinate shows a charged power. Further, an
abscissa in FIG. 3 shows a duration of the external charging.
The external charging progresses steadily toward the right
side of FIG. 3.

Following the start of the external charging, the single cell
11 (the battery pack 10) 1s charged under a constant current.
Here, the current value used during charging can be set
approprately. The duration of the constant current charging
can be shortened by increasing the charging current value.
When constant current charging i1s performed, the charged
power remains constant, as shown i FIG. 3.

When the single cell 11 1s charged, as described above
using Equation (1), the CCV of the single cell 11 varies
relative to the OCV by an amount corresponding to the
voltage variation amount (IbxRb). When constant current
charging 1s performed, the charging current value Ib remains
constant, and therefore the voltage variation amount (IbxRb)
varies 1n accordance with the internal resistance Rb of the
single cell 11. In other words, 1n Equation (1), the internal
resistance Rb of the single cell 11 can be learned from the
voltage varniation amount (IbxRb) included 1n the CCV.

As the constant current charging progresses, the SOC (in
other words, the voltage value) of the single cell 11
increases. At a time t11 where the SOC of the single cell 11
reaches a threshold SOC_th, the constant current charging 1s
terminated. Here, the threshold SOC_th corresponds to the
set SOC value described above. After the constant current
charging 1s terminated, the charging 1s switched to constant
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voltage charging. In other words, constant voltage charging,
1s performed from the time t11 onward.

During the constant voltage charging, charging is per-
formed such that the voltage value of the single cell 11
remains constant. Therefore, as shown 1n FIG. 3, the charg-
ing current decreases as the constant voltage charging pro-
gresses, leading to a reduction in the charged power. At a
time t12 where the charged power varies to 0 [kW], the
constant voltage charging i1s terminated. By performing
constant voltage charging after performing constant current
charging, as described above, the SOC of the single cell 11
can be caused to reach the threshold SOC th.

Next, processing performed during the constant current
charging will be described using flowcharts shown in FIGS.
4 and 5. Here, the processing shown 1 FIGS. 4 and 5 1s
executed by the ECU 30.

In step S101, the ECU 30 detects the current value bib of
the battery pack 10 on the basis of the output of the current
sensor 22. Further, the ECU 30 determines whether or not
the current value bib 1s smaller than an upper limit threshold
(a current value) I_th1 and larger than a lower limit thresh-
old (a current value) 1_th2. The thresholds 1_thl, I_th2 are
used to define an appropriate range of the current value
during the external charging, and may be set appropriately.
For example, the thresholds I_thl, I_th2 may be set appro-
priately with the aim of shortening the duration of the
constant current charging. Information relating to the thresh-
olds I_th1, I_th2 can be stored in advance 1n the memory 31.

In this embodiment, a determination 1s made as to
whether, or not the current value bib 1s positioned between
the upper limit threshold 1_th1 and the lower limit threshold
I_th2, but this processing (the processing of step S101) may
be omitted. The ECU 30 then waits until the current value
bib 1s positioned between the upper limait threshold I_th1 and
the lower limit threshold I th2. When the current value bib
1s positioned between the upper limit threshold I_th1 and the
lower limit threshold I_th2, the ECU 30 performs processing
of step S102.

In step S102, the ECU 30 calculates a variation amount
Abib_c 1n the current value bib. The current value bib may
vary even during the constant current charging. Hence, when
the current value bib varies, the ECU 30 specifies a maxi-
mum value bib_max and a minimum value bib_min on the
basis of a variation history of the current value bib. The ECU
30 can then specily the variation amount Abib_c by calcu-
lating a difference between the maximum value bib_max
and the minimum wvalue bib min.

Further, 1n step S102, the ECU 30 determines whether or
not the variation amount Abib c 1s smaller than a threshold
(a vanation amount) Abib_thl. The threshold Abib_t1 may
be set appropriately, and information relating to the thresh-
old Abib_thl can be stored in advance in the memory 31.

When the vanation amount Abib-c¢ 1s smaller than the
threshold Abib-thl, the ECU 30 determines that variation in
the current value bib 1s suppressed, and performs processing,
of step S103. When the variation amount Abib-c 1s equal to
or larger than the threshold Abib-thl, on the other hand, the
ECU 30 returns to the processing of step S101.

As will be described below, the current value bib 1s used
to specily (estimate) the voltage variation amount. Here,
when variation occurs 1n the current value bib, the voltage
variation amount diflers 1n accordance with the current value
bib, and as a result, the voltage variation amount can no
longer be estimated precisely. Hence, the processing of step
S102 1s performed to confirm that the variation amount
Abib_c 1s smaller than the threshold Abib_thl, which serves

as an allowable amount. In so doing, the precision with
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which the voltage variation amount i1s estimated can be
improved when specilying (estimating) the voltage vanation
amount from the current value bib.

In step S103, the ECU 30 starts to measure time tm using,
the timer 32. Measurement of the time tm continues for as
long as the variation amount Abib_c remains smaller than
the threshold Abib_thl. In step S104, the ECU 30 deter-

mines whether or not the measured time tm exceeds a
threshold (a time) t_th. The threshold t_th 1s used to deter-
mine whether or not variation in the current value bib
remains suppressed, and 1s set appropriately. Information
relating to the threshold t_th can be stored 1n advance 1n the
memory 31.

When the measured time tm exceeds the threshold t_th,
the ECU 30 determines that variation in the current value bib
has converged, and performs processing of step S105. When
the measured time tm 1s equal to or shorter than the threshold
t_th, on the other hand, the ECU 30 returns to the processing
of step S101.

In step S105, the ECU 30 detects a current value bich on
the basis of the output of the current sensor 22. The current
value bich 1s the current value bib detected when the
measured time tm exceeds the threshold t th. Further, the
ECU 30 detects a voltage value (CCV) bvch of the battery
pack 10 or the single cell 11 on the basis of the output of the
monitoring unit 20 (the voltage monitoring 1C 20q).

The voltage value bvch 1s the voltage value by detected
when the measured time tm exceeds the threshold t_th. Here,
the current value bich and the voltage value bvch are
detected at identical timings a plurality of times at prede-
termined period intervals. The number of times the current
value bich and the voltage value bvch are detected may be
set appropriately.

When varniation occurs among the voltage values of the
plurality of single cells 11, an average value of the voltage
values can be used as the voltage value bvch, for example.
When no vanation occurs among the voltage values of the
plurality of single cells 11, on the other hand, the voltage
value of an arbitrary single cell 11 can be used as the voltage
value bvch.

Equalization processing may be employed as processing
for reducing the varnation among the voltage values of the
plurality of single cells 11. In the equalization processing, a
single cell 11 having a high voltage value 1s discharged to
align the voltage value of the single cell 11 with the voltage
values of the other single cells 11. After performing the
equalization processing in this manner, no variation occurs
among the voltage values of the plurality of single cells 11,
and therefore the voltage value of an arbitrary single cell 11
can be used as the voltage value bvch. When the voltage
value of the battery pack 10 1s detected by the monitoring
unit 20, on the other hand, the voltage value of the battery
pack 10 can be used as the voltage value bvch.

The current value bich and the voltage value bvch
detected in the processing of step S105 are stored in the
memory 31. Note that 1n this embodiment, the current value
bich and the voltage value bvch are detected a plurality of
times, but may be detected once only.

Following completion of the processing for detecting the
current value bich and the voltage value bvch, the ECU 30
stops the constant current charging 1 step S106. More
specifically, the ECU 30 stops the power supply to the
battery pack 10 from the external power supply by control-
ling the operation of the charger 26. When charging of the
battery pack 10 1s stopped, the voltage value of the battery
pack 10 (the single cell 11) decreases, as described above
using Equation (1).
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In step S107, the ECU 30 detects the current value bib on
the basis of the output of the current sensor 22. Further, the
ECU 30 determines whether or not the detected current
value bib i1s included 1in an allowable range. When the
constant current charging 1s stopped 1n the processing of step
S106, the charging current stops flowing to the battery pack
10, and therefore the current value bib reaches 0 [A].

Here, depending on a detection error by the current sensor
22 and so on, the current value bib detected by the current
sensor 22 may deviate from 0 [A]. Hence, the processing of
step S107 1s performed to determine whether or not the
current value bib 1s within the allowable range.

The allowable range 1s set using 0 [A] as a reference.
More specifically, the allowable range 1s defined by a range
that deviates by an allowable value (a current value)
Abib_th2 from 0 [A] to a charging side and a range that
deviates by the allowable value (a current value) Abib_th2
from 0 [A] to a discharging side. In other words, during the
processing of step S107, the ECU 30 determines whether or
not the current value bib 1s larger than an allowable lower
limit value “-Abib_th2” and smaller than an allowable upper
limit value “+Abib th2”.

The allowable value Abib_th2 may be set appropnately,
and information relating to the allowable value Abib_th2 can
be stored 1n the memory 31 1n advance. In this embodiment,
the charging side allowable value Abib_th2 and the discharg-
ing side allowable value Abib_th2 are equal to each other,
but the invention 1s not limited thereto.

In other words, different allowable values may be used on
the charging side and the discharging side. For example, the
charging side and discharging side allowable values may be
differentiated 1n consideration of a detection characteristic of
the current sensor 22 and so on.

When the current value bib 1s included in the allowable
range described above, the ECU 30 performs processing of
step S108. When the current value bib 1s outside the allow-
able range, on the other hand, the ECU 30 waits until the
current value bib enters the allowable range. In step S108,
the ECU 30 detects a voltage value bvwait of the battery
pack 10 or the single cell 11 on the basis of the output of the
monitoring unit 20 (the voltage monitoring IC 20a). Here,
the voltage value bywait 1s detected a plurality of times at
predetermined period intervals. Note that the number of
times (including a single time) the voltage value bvwait 1s
detected may be set appropriately.

As described above 1n relation to the processing of step
S105, when variation occurs among the voltage values of the
plurality of single cells 11, the average value of the voltage
values of the plurality of single cells 11 can be used as the
voltage value bvwait. Further, when no varnation occurs
among the voltage values of the plurality of single cells 11,
the voltage value of an arbitrary single cell 11 can be used
as the voltage value bvwait. When the monitoring unit 20
detects the voltage value of the battery pack 10, on the other
hand, the voltage value of the battery pack 10 can be used
as the voltage value bvwait. Information relating to the
detected voltage value bvwait 1s stored 1n the memory 31.

In step S109, the ECU 30 detects a temperature Tbh1 of the
battery pack 10 (the single cell 11) on the basis of the output
of the temperature sensor 21. Here, when a plurality of
temperature sensors 21 are used and the temperatures
detected by the plurality of temperature sensors 21 are
different from each other, any temperature can be used as the
battery temperature Tb1l. For example, the lowest tempera-
ture can be used as the battery temperature Tb1. Information
relating to the battery temperature Tbl 1s stored in the
memory 31.
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In step S110, the ECU 30 restarts the constant current
charging. More specifically, the ECU 30 supplies power
from the external power supply to the battery pack 10 by

controlling the, operation of the charger 26. In step S111, the
ECU 30 detects a voltage value (the CCV) bv_c of the

battery pack 10 or the single cell 11 on the basis of the output
of the monitoring unit 20. The ECU 30 then determines
whether or not the detected voltage value bv_c 1s higher than
a charging termination voltage value bv_th.

Here, when the voltage values of the plurality of single
cells 11 are detected by the monitoring umt 20 (the voltage
monitoring IC 20qa), the voltage value of any single cell 11
can be used as the voltage value bv_c. For example, the
voltage value of the single cell 11 having the highest voltage
value can be used as the voltage value bv_c.

When varniation occurs among the voltage values of the
plurality of single cells 11, the average value of the voltage
values of the plurality of single cells 11 can be used as the
voltage value bv_c. Further, when no variation occurs
among the voltage values of the plurality of single cells 11,
the voltage value of an arbitrary single cell 11 can be used
as the voltage value bv_c. The charging termination voltage
value bv_th 1s set appropnately in accordance with the
content of the voltage value bv_c (the voltage value of the
battery pack 10 or the single cell 11).

When the voltage value bv_c 1s higher than the charging
termination voltage value bv_th, the ECU 30 performs
processing of step S112. When the voltage value bv_c 1s
lower than the charging termination voltage value bv_th, on
the other hand, the ECU 30 returns to the processing of step
S101. In step S112, the ECU 30 terminates the constant
current charging and switches the method of charging the
battery pack 10 to constant voltage charging. As described
above, the processing from step S101 to step S111 1s
performed repeatedly until the voltage value bv_c reaches
the charging termination voltage value bv_th. In other
words, the processing from step S101 to step S111 1s
performed at least once while the constant current charging
1s underway.

FIG. 6 shows behavior of the voltage value by and the
current value bib during the constant current charging. In
FIG. 6 an ordinate shows the voltage value by and the
current value bib, and an abscissa shows time.

As shown 1n FIG. 6, when the external charging (constant
current charging) starts from a time t0, the voltage value by
increases. Here, when the voltage value by includes a ripple
component, annealing processing may be implemented on
the voltage value by. For example, a current annealed
voltage value can be calculated by applying weighted addi-
tion to an average value of the currently detected voltage
value by and a previous annealed voltage value.

By detecting the current value bib on the basis of the
output of the current sensor 22, a determination can be made
as to whether or not the current value bib 1s positioned
between the upper limit threshold I_thl and the lower limit
threshold I_th2 (the processing of step S101 in FIG. 4). In
the example of FIG. 6, the current value bib varies between
the upper limit threshold 1_th1 and the lower limait threshold

th2.
While the constant current charging is underway, the

current value bib may vary as shown in FIG. 6. Here, when
the variation amount Abib ¢ of the current value bib 1s
smaller than the threshold Abib thl, measurement of the
time tm 1s started (the processing of steps S102 and S103 1n
FIG. 4). In the example of FIG. 6, measurement of the time
tm 1s started at a time t21.
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When the measured time tm reaches the threshold t_th,
detection of the current value bich 1s started (the processing
of steps S104 and S105 1n FIG. 4). In the example of FIG.
6, detection of the current value bich 1s started at a time 122.
From the time 122 onward, the current value bich 1s detected
a plurality of times at predetermmed period intervals. Here,
the voltage value bvch 1s detected 1n synchronization Wlth
the detection tlmlng of the current value bich (the processing
of step S105 1n FIG. 4).

When detection of the current value bich and the voltage
value bvch 1s complete, the constant current charging i1s
stopped at a time 123 (the processing of step S106 1n FI1G. 4).
As a result, the current value bib falls to 0 [A]. Here, when
the current value bib 1s within the allowable range defined by
the allowable lower limit value “~Abib_th2” and the allow-
able upper limit value “+Abib_th2”, detection of the voltage
value bvwait 1s started (the processing of steps S107 and
S108 1n FIG. 5). More specifically, the voltage value bvwait
1s detected a plurality of times at predetermined period
intervals.

When detection of the voltage value bvwait 1s complete,
the constant current charging 1s restarted. In the example of
FIG. 6, the constant current charging 1s restarted at a time
t24. Accordingly, the current value bib varies between the
upper limit threshold I_thl and the lower limit threshold
I _th2. After restarting the constant current charging, the
processing described above 1s repeated until the voltage
value bv_c reaches the charging termination voltage value
bv_th.

Next, processing performed during the constant voltage
charging will be described using a flowchart shown 1n FIG.
7. The processing shown in FIG. 7 1s performed following
completion of the processing shown 1n FIG. 5. The process-
ing shown in FIG. 7 1s executed by the ECU 30.

In step S201, the ECU 30 performs external charging on
the battery pack 10 under a constant voltage. As described
above using FIG. 5, the constant current charging 1is
switched to the constant voltage charging after the voltage
value bv_c reaches the charging termination voltage value
bv_th. During the constant voltage charging, external charg-
ing 1s performed on the battery pack 10 1n a condition where
the voltage value bv_c 1s maintained at the charging termi-
nation voltage value bv_th. Therefore, as described above
using FIG. 3, the charged power decreases as the constant
voltage charging progresses.

In, step S202, the ECU 30 determines whether or not a
constant voltage charging termination condition 1s satisfied.
Here, when the constant voltage charging termination con-
dition 1s satisfied, the ECU 30 performs processing of step
S203. When the constant voltage charging termination con-
dition 1s not satisfied, on the other hand, the ECU 30
continues the processing of step S201.

A condition described below, for example, may be set as
the constant voltage charging termination condition. First,
while detecting the voltage value bv_c a plurality of times,
the number of times the voltage value bv_c exceeds the
charging termination voltage value bv_th 1s counted. When
the count value exceeds a threshold, it may be determined
that the constant voltage charging termination condition 1s
satisfied.

By confirming that the count value 1s larger than the
threshold, it can be determined that the voltage value bv_c
1s higher than the charging termination voltage value bv_th.
Accordingly, the constant voltage charging can be termi-
nated. Note that the threshold corresponding to the count
value may be set appropriately, and information relating to
the threshold can be stored in the memory 31 in advance.
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The constant voltage charging termination condition 1s
not, however, limited to the condition described above. In
other words, any condition by which 1t 1s possible to confirm
that the voltage value bv_c 1s continuously higher than the
charging termination voltage value bv_th may be employed.
For example, a time (a continuous time) during which the
voltage value bv_c remains higher than the charging termi-
nation voltage value bv_th may be measured, and when the
measured time exceeds a threshold, it may be determined
that the constant voltage charging termination condition 1s
satisfied. As described above, the voltage value of either the
battery pack 10 or the single cell 11 may be used as the
voltage value bv_c. When variation occurs among the volt-
age values of the plurality of single cells 11, the average
value of the voltage values can be used as the voltage value
bv_c.

In step S203, the F

ECU 30 detects a current value biend
upon termination of the constant voltage charging on the
basis of the output of the current sensor 22. The current
value biend 1s the current value bib detected by the current
sensor 22 at the end of the constant voltage charging.
Further, 1n step S203, the ECU 30 detects a battery tem-
perature Th2 upon termination of the constant voltage charg-
ing on the basis of the output of the temperature sensor 21.
Here, the ECU 30 stores information relating to the current
value biend and the battery temperature Tb2 in the memory
31. In step S204, the ECU 30 terminates the constant voltage
charging (the external charging).

Next, processing for correcting the charging termination
voltage value bv_th will be described using a flowchart
shown 1n FIG. 8. Here, the processing shown in FIG. 8 1s
executed by the ECU 30.

In step S301, the ECU 30 calculates an amount of voltage
drop Abvir_c. Here, the amount of voltage drop Abvir_c 1s
an amount ol voltage drop occurring when the constant
current charging 1s stopped temporarily while the constant
current charging 1s performed (the processing shown 1in
FIGS. 4 and 5) (see FIG. 6). The constant current charging
1s stopped temporarily 1n the processing of step S106 shown
in FIG. 4, and as a result of the charging stoppage, the
voltage value of the battery pack 10 or the single cell 11
decreases.

The amount of voltage drop Abvir_c can be calculated on

the basis of Equation (2) shown below.

(2)

In Equation (2), a voltage value bvch ave 1s an average
value of the plurality of voltage values bvch. As described
in relation to the processing of step S105 1n FIG. 4, the
voltage value bvch 1s detected a plurality of times, and by
averaging the plurality of voltage values bvch detected, the
voltage value bvch_ave can be calculated. Note that when
the voltage value bvch 1s detected only once, the detected
voltage value bvch 1s used as the voltage value bvch ave of
Equation (2).

In Equation (2), a voltage value bywait ave 1s an average
value of the plurality of voltage values bvwait. As described
in relation to the processing of step S108 in FIG. 5, the
voltage value bvwait 1s detected a plurality of times, and by
averaging the plurality of voltage values bvwait thus
detected, the voltage value bvwait_ave can be calculated.
Note that when the voltage value bvwait 1s detected only
once, the detected voltage value bvwait 1s used as the
voltage value bvwait ave of Equation (2).

When vanation occurs among the plurality of voltage
values bvch or vanation occurs among the plurality of
voltage values bvwait, the amount of voltage drop Abvir_c

Abviy c=bvch ave-bvwait ave
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varies 1n accordance with the voltage values bvch, bvwait.
Hence, by employing the average values (voltage values)
bvch_ave, bvwait ave described above, variation in the
amount of voltage drop Abvir_c can be suppressed.

In step S302, the ECU 30 specifies (estimates) an amount
of voltage drop Abvir_refl. The amount of voltage drop
Abvir_refl 1s an amount of voltage drop occurring when the
constant current charging 1s stopped temporarily while 1s
performed (the processing shown i FIGS. 4 and 5), and
takes a value estimated on the basis of the battery tempera-
ture and the current value. Further, the amount of voltage
drop Abvir_refl may be considered as a first reference
voltage drop amount of the invention.

A correspondence relationship between the amount of
voltage drop Abvir_refl and the battery temperature and
current value can be obtained 1n advance through experi-
ment or the like. FIG. 9 1s a map showing a correspondence
relationship between the amount of voltage drop Abvir_refl
and the battery temperature when the current value takes a
predetermined value. The map in FIG. 9 also shows a
correspondence relationship obtained using a non-deterio-
rated single cell 11. A newly manufactured single cell 11, for
example, may be used as the non-deteriorated single cell 11.

As shown in FIG. 9, the amount of voltage drop
Abvir_refl decreases as the battery temperature increases. In
other words, the amount of voltage drop Abvir_refl
increases as the battery temperature decreases. As described
above using Equation (1), the amount of voltage drop 1s
defined by “IbxRb”. Here, the internal resistance Rb of the
single cell 11 increases as the battery temperature decreases.
In other words, the internal resistance Rb of the single cell
11 decreases as the battery temperature increases. Hence, the
battery temperature and the amount of voltage drop
Abvir_refl have the relationship shown in FIG. 9.

The correspondence relationship between the amount of
voltage drop Abvir_refl and the battery temperature shown
in FIG. 9 varies according to the current value. The map
shown 1n FIG. 9 can be stored (for each current value) 1n the
memory 31 1n advance. In the processing of step S302, first,
the ECU 30 calculates a current value bich ave. The current
value bich_ave 1s an average value of the plurality of current
values bich.

The current value bich 1s detected a plurality of times in
the processing of step S105 shown i FIG. 4, and by
averaging the current values bich thus obtained, the current
value bich ave can be calculated. Note that when the current
value bich 1s detected only once, the detected current value
bich 1s used as the current value bich ave.

After calculating the current value bich_ave, the ECU 30
specifies the map shown in FIG. 9 corresponding to the
current value bich_ave. The ECU 30 then uses the specified
map to specily the amount of voltage drop Abvir_refl
corresponding to the battery temperature Thl. The battery
temperature Tbl 1s the temperature detected 1n the process-
ing of step S109 shown in FIG. 5.

As described 1n relation to the processing shown in FIG.
4, the current value bich 1s the value detected when the
variation amount Abib_c falls below the threshold Abib thl.
When the current value bich 1s detected a plurality of times,
however, the current value bich may vary within the range
of the threshold Abib_thl. Therefore, by calculating the
current value bich_ave and specilying the map correspond-
ing to the current value bich ave, as described above, the
map shown 1n FIG. 9 can be specified more easily.

In step S303, the ECU 30 calculates a correction coetli-
cient K. The correction coeflicient K can be calculated on the
basis of Equation (3) shown below.
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B Abvir ¢
~ Abvir refl

, (3)

In Equation (3), Abvir_c 1s the amount of voltage drop
calculated in the processing of step S301. Further,
Abvir_refl 1s the amount of voltage drop specified (esti-
mated) in the processing of step S302.

As deterioration of the single cell 11 progresses, the
internal resistance of the single cell 11 increases, amount of
voltage drop increases, as described above using Equation
(1). Therefore, as shown i FIG. 9, the amount of voltage
drop Abvir_c may become larger than the amount of voltage
drop Abvir_refl. As i1s evident from Equation (3), the
correction coeflicient K indicates an increase rate of the
amount of voltage drop Abvir_c relative to the amount of
voltage drop Abvir_refl

Here, when the processing for stopping the constant
current charging (the processing of step S106 1n FIG. 4) 1s
performed a plurality of times, a plurality of amounts of
voltage drop Abvir_c are calculated 1n the processing of step
S301. Further, a plurality of amounts of voltage drop
Abvir_refl are specified 1n the processing of step S302.
Accordingly, a plurality of correction coeflicients K are
calculated in the processing of step S303.

When a plurality of correction coeflicients K are calcu-
lated, annealing processing may be performed every time the
correction coeflicient K 1s calculated. More specifically, an
annealed correction coetlicient K can be calculated by
applying weighted addition to the current calculated correc-
tion coeflicient K and a previous calculated correction
coellicient K.

In step S304, the ECU 30 specifies (estimates) an amount
of voltage drop Abvir_ref2. The amount of voltage drop
Abvir_ref2 1s an amount of voltage drop occurring when the
constant voltage charging 1s terminated after performing the
constant voltage charging (the processing shown 1n FIG. 7),
and takes a value estimated on the basis of the battery
temperature and the, current value. Further, the amount of
voltage drop Abvir_ref2 may be considered as a second
reference voltage drop amount of the invention.

A correspondence relationship between the amount of
voltage drop Abvir_ref2 and the battery temperature and
current value can be obtained 1n advance through experi-
ment or the like. FIG. 10 1s a map showing a correspondence
relationship between the amount of voltage drop Abvir_ref2
and the battery temperature when the current value takes a
predetermined value. The map 1 FIG. 10 also shows a
correspondence relationship obtained using the non-deterio-
rated single cell 11.

As shown i FIG. 10, the amount of voltage drop
Abvir_ref2 decreases as the battery temperature increases. In
other words, the amount of voltage drop Abvir_rei2
increases as the battery temperature decreases. As described
above using FIG. 9, the internal resistance of the single cell
11 increases, leading to an increase 1n the amount of voltage
drop Abvir_rei2, as the battery temperature decreases.

The correspondence relationship between the amount of
voltage drop Abvir_ref2 and the battery temperature shown
in FIG. 10 varies according to the current value. The map
shown 1n FIG. 10 can be stored (for each current value) 1n
the memory 31 in advance. In the processing of step S304,
the ECU 30 specifies the map shown in FIG. 10 correspond-
ing to the current value biend. Here, the current value biend
1s the current value detected 1n the processing of step S203

shown in FIG. 7.
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The ECU 30 then uses the specified map to specity the
amount of voltage drop Abvir_ref2 corresponding to the
battery temperature Th2. Here, the battery temperature Th2
1s the temperature detected 1n the processing of step S203
shown 1n FIG. 7.

When a plurality of temperature sensors 21 are used, the
highest battery temperature of the battery temperatures
detected by the temperature sensors 21 can be used as the
battery temperature Tb2. Here, when the lowest battery
temperature 1s used as the battery temperature Tbh2, a large
amount of voltage drop Abvir_rei2 1s estimated when speci-
tying the amount of voltage drop Abvir_ref2 using the map
shown 1n FIG. 10.

In this case, the charging termination voltage value by th
calculated 1n processing of steps S305 and S306, to be
described below, may become larger than a voltage value
corresponding to the set SOC value. In other words, the
battery pack 10 may be charged excessively. For this reason,
the highest battery temperature can be used as the battery
temperature Tb2. When the highest battery temperature 1s
used as the battery temperature Tb2, excessive charging of
the battery pack 10 can be suppressed.

In step S305, the ECU 30 calculates a voltage correction
value (an amount of voltage drop) AVcorr. More specifi-
cally, the voltage correction value AVcorr 1s calculated on
the basis of Equation (4) shown below.

AVcorr =Abvir_ref2xK (4)

In Equation (4), Abvir_ref2 1s the amount of voltage drop
specified (estimated) 1n the processing of step S304. Further,
K 1s the correction coeflicient calculated 1n the processing of
step S303. As shown 1 FIG. 10, by employing the correc-
tion coellicient K, the present amount of voltage drop (the
voltage correction value AVcorr) corresponding to the
amount of voltage drop Abvir_rei2 can be calculated.

In the non-deteriorated single cell 11, the voltage value of
the single cell 11 decreases by an amount corresponding to
the amount of voltage drop Abvir_ref2 following termina-
tion of the constant voltage charging (the external charging).
In a single cell 11 1n which deterioration has progressed, on
the other hand, the voltage value of the single cell 11
decreases by an amount corresponding to the amount of
voltage drop (the voltage correction value) AVcorr follow-
ing termination of the constant voltage charging (the exter-
nal charging).

As described above, the correction coethicient K indicates
a relationship between the amounts of voltage drop
Abvir_refl and Abvir_c. By multiplying the correction coet-
ficient K by the amount of voltage drop Abvir_rei2, there-
fore, a present amount of voltage drop AVcorr of the single
cell 11 can be specified using the amount of voltage drop
Abvir ref2 as a reterence.

In step S306, the ECU 30 calculates (corrects) the charg-
ing termination voltage value bv_th. More specifically, the
charging termination voltage value bv_th 1s calculated on
the basis of Equation (5) shown below.

bv_th=0CV_chend+AVcorr (5)

In Equation (5), OCV chend 1s the OCV of the battery
pack 10 or the single cell 11 upon termination of the constant
voltage charging. OCV_chend varies 1n accordance with the
set SOC value upon termination of the external charging.
Here, the OCV and the SOC have a correspondence rela-
tionship, and therefore the OCV corresponding to the set
SOC value can be specified by determining this correspon-
dence relationship in advance. The specified OCV 1s set as

OCV _ chend.
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In Equation (5), AVcorr 1s the voltage correction value
(amount of voltage drop) calculated 1n the processing of step
S305. The amount of voltage drop (the voltage correction
value) AVcorr following termination of the constant voltage
charging can be specified (estimated) by performing the
processing ol step S305. Hence, by employing a value
obtained by adding the amount of voltage drop (the voltage
correction value) AVcorr to OCV_chend as the charging
termination voltage value bv_th, the voltage value of the
battery pack 10 or the single cell 11 following termination of
the constant voltage charging can be set as OCV_chend.

In other words, by terminating the external charging when
the voltage value (CCV) by detected by the monitoring unit
20 reaches the charging termination voltage value bv_th
while the external charging 1s underway, the voltage value of
the battery pack 10 or the single cell 11 decreases by an
amount corresponding to the amount of voltage drop (the
voltage correction value) AVcorr. As a result, the voltage
value of the battery pack 10 or the single cell 11 following
termination of the external charging (the constant voltage
charging) corresponds to OCV chend.

The charging termination voltage value bv_th calculated
in the processing of step S306 1s used 1n the processing of

step S111 shown 1n FIG. 5 and the processing of step S202
shown 1n FIG. 7 during a following external charging
operation. Here, the charging termination voltage value

bv_th can be stored 1n the memory 31.

As described above, OCV_chend corresponds to the set
SOC value upon termination of the external charging, and
therefore the SOC of the battery pack 10 or the single cell
11 can be aligned with the set SOC value upon termination
of the external charging (the constant voltage charging). In
other words, the SOC of the battery pack 10 or the single cell
11 can be prevented from falling below the set SOC value.
By causing the SOC of the battery pack 10 or the single cell
11 to reach the set SOC value, a reduction in the EV travel
distance, for example, can be suppressed.

The mmvention claimed 1s:

1. An electricity storage system comprising:

an electricity storage unit configured to be subjected to

charging and discharging;

a voltage sensor configured to detect a voltage value of the

clectricity storage unit;

a current sensor configured to detect a current value of the

clectricity storage unit;

a temperature sensor configured to detect a temperature of

the electricity storage unit; and

a controller configured to terminate the charging of the

clectricity storage unit when the detected voltage value

reaches a charging termination voltage value,
wherein the controller 1s configured to

(a) calculate an amount of voltage drop, which 1s
associated with interruption of constant current
charging, on the basis of the detected voltage value
while the constant current charging 1s performed 1n
the electricity storage unit,

(b) set the charging termination voltage value in accor-
dance with the amount of voltage drop,

(c) perform constant voltage charging after performing
the constant current charging as the charging of the
clectricity storage unit,

(d) calculate a ratio between a {first reference voltage
drop amount, which corresponds to the current value
and the temperature belfore the constant current
charging 1s interrupted, and the amount of voltage
drop which 1s associated with the interruption of the
constant current charging,
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(¢) calculate a correction value by multiplying the ratio
by a second reference voltage drop amount, which
corresponds to the detected current value and the
detected temperature upon termination of the con-
stant voltage charging, and

(1) set a value obtained by adding the correction value
to an open circuit voltage value upon termination of
the charging of the electricity storage unit as the
charging termination voltage value.

2. The electricity storage system according to claim 1,
wherein the controller calculates the amount of voltage drop
by subtracting an average value of a plurality of detected
voltage values obtained at different timings while the con-
stant current charging 1s interrupted from an average value
ol a plurality of detected voltage values obtained at different
timings before the constant current charging 1s interrupted.

3. The electricity storage system according to claim 2,
wherein the controller terminates the constant current charg-

ing when the detected voltage value 1s higher than the
charging termination voltage value, and terminates the con-
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stant voltage charging when the detected voltage value
remains continuously higher than the charging termination
voltage value.

4. The eclectricity storage system according to claim 1,
wherein the controller interrupts the constant current charg-
ing when the detected current value 1s within an allowable
range.

5. The electricity storage system according to claim 4,
wherein the controller specifies the first reference voltage
drop amount by using an average value of a plurality of
detected current values obtained at different timings before
the constant current charging 1s interrupted.

6. The electricity storage system according to claim 1,
wherein the electricity storage unit 1s installed 1n a vehicle,
and outputs electric energy that 1s converted into kinetic
energy causing the vehicle to travel.

7. The electricity storage system according to claim 6,
wherein the electricity storage unit 1s charged by a supply of
electric power from a power supply disposed outside of the
vehicle.
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